The Hydrological Simulation Program-Fortran (HSPF) is a semi-distributed watershed model, which simulates hydrology and water quality processes at user-specified spatial and temporal scales. Although HSPF is a comprehensive and highly flexible model, a number of investigators noted the model's limited capabilities in representing and simulating best management practices (BMPs), such as detention basins and infiltration trenches. We present herein a stand-alone web-based HSPF BMP Toolkit that allows HSPF to represent and simulate storage and infiltration BMPs in a more comprehensive way.
Introduction
HSPF is an EPA watershed hydrology and pollutant transport model and the core watershed model in BASINS (Better Assessment Science for Point and Nonpoint Sources) modeling system (Whittemore and Beebe, 2000) . HSPF is used for the development of complex TMDLs (total maximum daily loads) for water quality impaired water bodies. Because HSPF subdivides land surface areas into pervious and impervious, it is applicable to watersheds with mixed land uses (Donigian and Huber, 1991) . Zoppou (2003) reviewed models that simulate storm-water quantity and quality in urban environments and stated that HSPF is the most comprehensive and flexible hydrology and water quality model available. Bergman et al. (2002) used the model to simulate total suspended solids and total phosphorus loads from residential areas in Florida. According to Endreny (2002) , HSPF lacks the capability to explicitly simulate storm sewer networks and common water-quality BMPs. Addressing these limitations and taking advantage of the model's detailed water quality modeling capabilities is critical to HSPF applications for low impact development and Green infrastructure practices.
The objective of this paper is to present HSPF capabilities in representing and simulating storage, infiltration, and vegetative BMPs. To accomplish the objective we have developed a toolkit to address HSPF's limitation of modeling urban watersheds with storm sewer networks, infiltration BMPs, and storage BMPs. The toolkit allows the user to take advantage of HSPF's important features for modeling stormwater runoff and associated contaminants. These features include the capability to perform single-event and continuous simulations (Donigian and Huber, 1991) , simulate pollutant interactions and transformations (Obrapta and Kardos, 2007) , track pollutants that travel with subsurface flow (Huber et al. 2006) , and represent spatial scales that range from urban land parcels to watershed scales.
BMP Toolkit Modeling Applications
The tools in the web toolkit can be used to perform the following tasks:
• Develop stage-storage-discharge relationships for open channels and water impoundments • Calculate storm sewer size and route flow and pollutants through sewer networks • Calculate sizes of storage BMPs and simulate their effectiveness in controlling runoff and pollutants • Calculate sizes of infiltration BMPs and simulate their effectiveness in controlling runoff and pollutants
Storage BMPs Tool
Storage BMPs use the RCHRES module, which simulates various processes that include hydrologic and hydraulic processes, sediments, general quality constituents, and biochemical constituents in free-flowing channel reaches and well-mixed impoundments (Bicknell et al. 2001) . 
Infiltration BMPs Tool
The infiltration tool allows HSPF users to represent infiltration BMPs as channels that infiltrate using HSPF's Reach module (RCHRES). The tool represents two types of infiltration BMPs: BMPs that store water on the surface (e.g., rain gardens) and BMPs that store water on backfilled soils (e.g., infiltration trench). The tool allows users to select a BMP type, channel shape and dimensions, flow control devices, and infiltration method (Figure 2) . Based on the user selections, the program generates an HSPFformatted FTABLE containing the selected BMP features. Unlike storage BMPs (e.g., detention basins) that store runoff from relatively large areas, infiltration BMPs are source control devices that capture runoff from small impervious areas (e.g., parking lots or rooftops). Infiltration BMPs are the foundation of many low impact development (LID) and Green infrastructure practices (Emerson and Traver, 2008) . The infiltration toolkit can be accessed at: http://www.epa.gov/athens/research/modeling/HSPFWebTools/ Figure 2 . A screen shot of the infiltration BMP GUI.
Modeling Vegetative BMPs with HSPF
Unlike storage and infiltration BMPs, HSPF uses the PERLND module to represent vegetative BMPs. The toolkit does not handle vegetative BMPs because HSPF is already capable of simulating them. To demonstrate HSPF's vegetative BMP modeling capabilities, we present herein an example that shows how HSPF simulates overland flow on a small plot. Figure 3 illustrates observed and simulated runoff generated from a small plot that received simulated rainfall and lateral inflow at the upper end of the plot. The plot had row-planted corn and crop residue cover. Because buffer strip data are not available, we assume that the crop and the dense residue cover can act as vegetative buffer strips. We only use this illustration to show how HSPF's PERLND module represents vegetative BMPs. 
Conclusion
The web-based BMPs toolkit extends HSPF applications to urban watersheds with sewer system networks, and storage and infiltration BMPs. The toolkit allows tool users to characterize BMPs and generate FTABLES. In general, results obtained from HSPF simulations are comparable to those simulated by the Stormwater Water Management Model's (SWMM5) using the kinematic wave option. Note that HSPF is not a sewer system design model and does not account for backwater effects, entrance/exit losses, flow reversals, and pressurized flow. Consequently, the BMP simulation results are not strictly comparable to those obtained with the use of SWMM5 model's dynamic wave option. Therefore, we do not recommend the tool for the design of complex sewer systems.
